Pseudomonas chlororaphis is a promising biocontrol agent promoting plant-growth 12 and providing protection against pest insects and phytopathogenic fungi. We have identified 13 in the genome of P. chlororaphis PA23 an operon encoding the toxin Exolysin (ExlA) and its 14 outer-membrane transporter, ExlB. We found that P. chlororaphis producing ExlA (ExlA Pch ) is 15 cytotoxic towards murine macrophages and human epithelial cells at 30 °C. P. chlororaphis 16 PA23 provoked shrinkage of epithelial cell, leakage of cytoplasmic components and 17 subsequent cell death. During infection, ExlA Pch incorporated into epithelial cell membranes 18 within detergent-resistant lipid rafts, suggesting the same mechanisms of cell destruction by 19 pore-formation as reported for P. aeruginosa toxin. ExlA Pch was not involved in the capacity of 20 the strain to kill fungi, amoeba or other bacteria. The contribution of ExlA in insecticidal 21 activity of P. chlororaphis was evaluated in the wax moth larvae Galleria mallonella and in 22 Drosophila melanogaster flies. The impact of the deletion of a gene encoding exlA homologue 23 was tested in the natural fly pathogen P. entonomophila. In both models, the ExlA absence 24 delayed killing, suggesting the contribution of the toxin in bacteria-insect pathogenic 25 interactions. 26 27
Introduction 28
Bacteria from the genus Pseudomonas are ubiquitous in nature due to their extraordinary 29 capacities to adapt to diverse niches. Pseudomonas species are mainly associated with plants 30 and animals but also frequently found in the proximity of human activities [1] . P. fluorescens, 31 P. putida and P. stutzeri are recognized as beneficial with potential uses in bioremediation, 32 production of secondary metabolites, or in agriculture for the plant-growth promoting activity 33 and biocontrol property (reviewed in [1] [2] [3] [4] ). To the contrary, P. aeruginosa is a well-known 34 human opportunistic pathogen that causes high-cost health problems notably due to the 35 increasing number of multi-drug resistant strains. The World Health Organization [WHO] 36 classified carbapenem-resistant P. aeruginosa in a high priority category of bacterial 37 pathogens for which there is an urgent need to define new antibiotics [5] . 38 P. chlororaphis belonging to the group complex of P. fluorescens thrives on plants and in 39 diverse soil environments. Several strains of P. chlororaphis have been selected as potential 40 biocontrol agents as they possess both pest insecticidal activities and are able to suppress the 41 plant fungal pathogen Sclerotinia sclerotiorum [6] [7] [8] that causes the disease called "white 42 mold" in a wide range of plants. The spectrum of secondary metabolites produced by P. 43 chlororaphis includes phenazines, pyrrolnitrin, hydrogen cyanide and others [7, 9, 10] . In 44 addition, secreted proteinous macromolecules as chitinases, proteases and toxins participate 45 to P. chlororaphis success in phytoprotection and promotion of plant growth [9] . 46 Together with phenotypic studies, the accessibility to several fully sequenced P. chlororaphis 47 strains available at Pseudomonas database, www.pseudomonas.com [11] , allowed the 48 analysis of their genome content with respect to predicted secreted molecules and toxins. The 49 reference strain P. chlororaphis PA23 [12] harbors the gene cluster encoding a toxin, Fit, and 50 the predicted dedicated export machinery identified originally in P. protegens [13] . The Fit 51 toxin is responsible for killing of several important lepidopteran pests, notably Spodoptera 52 littoralis (cotton leafworm) and the diamondback moth Plutella xylostella [14] . P. chlororaphis 53 PA23 genome also harbors some genes potentially encoding type III secretion system (T3SS) 54 components and two loci encoding T6SS. In P. chlororaphis, T6SSs participate to the invasion 55 of a Gram-positive bacteria Bacillus subtilis [15] and may play a role in displacement of the 56 pest insect gut microbiome as recently described for P. protegens [16] . Moreover, high-57 molecular weight bacteriocins, named Tailocins, could broaden the killing capacities of P. 58 chlororaphis in polymicrobial communities [17, 18] . 59 Clinical strains of the human opportunistic pathogen P. aeruginosa use either T3SS or two-60 partner secretion (TPS) system ExlB-ExlA to promote host invasion and infection [19, 20] . The 61 presence of exlBA operon in P. chlororaphis suggested its role in establishing pathogenic 62 relationship with other organisms, prokaryotes or eukaryotes. In this work, we examined the 63 expression and functionality of ExlA from P. chlororaphis and showed its contribution in killing 64 of Galleria mellonella larvae upon injection. Moreover, ExlA homologue in P. entonomophila, 65 a fly pathogen [21] was found to play a role in oral toxicity of Drosophila melanogaster flies. scores and the data presented in this work, we renamed EY04_RS20945 and EY04_RS20950 79 as exlB Pch and exlA Pch , respectively. Genomic environment of exlB Pch and exlA Pch is different 80 from that found in P. aeruginosa strains, with several regulatory proteins encoded upstream 81 and downstream of both operons (Figure 1) . Notably, two genes upstream of exlB Pch encode 82 enzymes involved in biogenesis of the second messenger c-di-GMP, while two genes 83 downstream of exlA Pch encode putative two-component regulator system with a histidine 84 kinase (HK) and a transcriptional factor (TF). The region upstream of exlB Pch ATG start codon 85 harbors a putative promoter (BPROM) with predicted "-35" and "-10"  70 -RNA polymerase 86 binding sites. The exlBA locus is present in all P. chlororaphis strains reported at the 87 strains (www.pseudomonas.com). We also reanalyzed the region of two genes PSEEN_2176 89 and PSEEN_2177 in a fly pathogen P. entonomophila that code for a two-partner system 90 homologue to , Figure 1 ). PSEEN_2176 gene product shares 69% identity with 91 ExlB Pch and 65 % with ExlB Pa , while PSEEN_2177 codes for an ExlA like-protein with 47 % and 92 40 % identity with ExlA Pch and ExlA Pa , respectively. We renamed also these genes product as 93 ExlA Pe and ExlB Pe . (Figure 2A ). PI incorporation was detected already with MOI of 0.1, meaning 1 103 bacteria per 10 epithelial cells, and the kinetics progressively increased with higher MOI. To 104 ascertain that the observed cytotoxicity of P. chlororaphis PA23 was due to the ExlA protein, 105 we engineered a strain in which a part of the exlB-exlA operon was deleted (PchexlBA) and 106 measured the kinetics of PI incorporation during 3 h in comparison to P. aeruginosa strain 107 IHMA87 and the exlA-isogenic mutant (Pa-exlAmut, [23, 25] ) on macrophages and epithelial 108 cells. The PchexlBA strain lost the capacity to kill J774 macrophages and A549 epithelial cells 109 ( Figure 2B ). We then followed the infection process by video-microscopy. Similar to the time-110 lapse consequences provoked by the ExlA-secreting P. aeruginosa, P. chlororaphis induced 111 initial epithelial cell rounding, followed by the loss of cytoplasmic content, which can be 112 visualized by the loss of cytoplasmic GFP. The incorporation of PI into the cell nuclei occurred 113 at the later stages of infection process ( Figure 3 ). As ExlA Pa is a membrane pore-forming toxin 114 and binds to liposomes and host membranes ([23], V. Job, manuscript in preparation), we 115 tested whether ExlA Pch could be detected within infected cell membranes, and in particular 116 within the lipid rafts, detergent-resistant membrane (DRM) fractions enriched in cholesterol 117 and sphingolipids, that is involved in protein sorting, signaling and interaction with the 118 cytoskeleton. To that end, after scaled-up infection conditions, we prepared and analyzed e epithelial cell membranes for presence of ExlA Pch by immunoblotting. Both ExlA Pch and ExlA Pa 120 could be recovered in DRM fractions (Figure 4 ), indicating the same mechanism of interaction 121 with cell membranes and similar action of those two proteins with host membranes.
123
ExlA Pch in microbial competition and amoeba killing 124 P. chlororaphis is considered as a safe biocontrol agent [26, 27] and until recently has been 125 rarely found responsible for human infections [28] . P. chlororaphis is frequently associated 126 with plants, to which it provides protection against diverse phytopathogens, including fungi 127 and insects [2, 29] . We thus wondered whether ExlA Pch could participate in interactions with 128 other microbes. First, we tested an inhibition of P. chlororaphis on the plant fungal pathogens 129 Sclerotinia sclerotiorum and Botrytis cinerea [6, 8] , using radial inhibition assay on agar PDA 130 plates ( Figure 5A ). No significant difference in fungus growth inhibition could be observed 131 between PA23 wild-type strain and the exlBA mutant, suggesting that the toxin does not 132 participate in fungicide activity of PA23 under condition tested. We tested also putative 133 implication of ExlA in bacteria-bacteria interactions, using B. subtilis, P. aeruginosa and E. coli. 134 In all three cases, no difference could be detected between the P. chlororaphis wild-type and 135 mutant strains. 136 Second, we wondered if ExlA could influence the growth of eukaryotic organisms such as 137 amoeba. For example, P. aeruginosa PAO1 is capable of killing the amoeba Acanthamoeba 138 castellani with its T3SS [30] . To test whether P. chlororaphis could also infect A. castellani, the 139 pathogenicity of P. chlororaphis toward Acanthamoeba castellani cells was determined by 140 using a simple plating assay [31] . As shown in Fig. 5B Figure 6A ). The mortality rates were dependent on temperature and number of injected 160 bacteria (data not shown). The absence of Exolysin in the mutant PchexlBA attenuated 161 significantly the mortality of infected larvae ( Figure 6B ), suggesting the contribution of 162 Exolysin in larvae death. We then set-up experiments to evaluate the toxin contribution in D. 163 melanogaster killing by feeding the flies with high doses of bacteria. As a positive control, we 164 used a well-known fly pathogen, P. entomophila [21, 32] , and we included an isogenic mutant 165 (Pe-exlAmut) with a plasmid insertion within PSEEN2177 after residue 442 codon of ExlA Pe (1-166 1416) . As previously reported [33, 34] , female flies being fed with high doses of P. entomophila 167 (OD 600 = 100) died within 2 and 4 days. Interestingly, the Pe-exlAmut showed significantly 168 lower killing capacity compared to the P. entomophila wild-type strain (Figure 7 ). When used 169 in the same experimental conditions, P. chlororaphis PA23 provoked mortality with delay of 170 several days compared to P. entomophila (Figure 7) , and the contribution of ExlA was less 171 pronounced, although still significant. Together, these results show that in two different Plates were incubated at 30 °C for 5 days. The least number of Acanthamoeba castellanii cells 253 deposited above that was able to form plaque on the bacterial lawns was defined as the 254 minimum number of cells required for plaque formation in this study. 256 Infections of Galleria larvae were done as previously described [36] with some modifications. 257 The bacterial dose of approx. 60000 bacteria/injection was evaluated in preliminary 258 experiment as such to obtain larvae mortality within 40 h post-pricking. Incubations were 259 done at 30 °C and larvae were counted every 45 min. The death was evaluated by the 260 insusceptibility to touch by plastic tweezers. The dead larvae were removed from the dish. 261 The experiment was repeated three times with 20 larvae used for each condition. 
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